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Sir: 

I, Marc Messely, declare as follows: 

1. I am employed by N.V. Bekaert S.A., the assignee of this application and are 
submitting the declaration on behalf of the assignee. 

2. The invention of independent claims 1 and 3 of the above-identified 
application was conceived at least as early as June 12, 2001 and diligence was 
exercised until an embodiment of the invention was actually reduced to 
practice at least by September 24, 2001 and that diligence was exercised at 
least until the European priority application was filed on January 15, 2002. 

3. To demonstrate this earlier date of conception and diligence until the 
European priority application was filed, the following documents are attached: 
a notary public registration of an email, a notary public registration of a 
facsimile transmission, drafts of the European priority application, and 
handwritten notes on a draft European application. 

4. As shown in the attached notary public registration, Exhibit A, the invention 
for the above-identified application was conceived at least as early as June 12, 
2001 . Although the first page of the notary public registration is in English, 
the second and third pages are in Dutch. The following is an English language 
translation of the second and third pages, with the second page being a title 
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page and the third page being an email by co-inventor Lieven Anaf to Wim 
Van Steenlandt on June 1 1, 2001 relating to fuel cell developments with 
Nuvera: 

Second page: 

Document number 2261 

Bearing as feature Fuel Cell - Development 

Comprising two pages 

Belonging to N.V. Bekaert S.A. at Zwevegem 

Signed as "ne varietur" on the first page or envelope and further signed 
on the other pages by notary public Fr. Opsomer in Kortrijk in the 
presence of two witnesses on the 12th of June 2001 in order to confirm 
the existence thereof at that date, 
(signatures) 

Third page: 

Dear Wim, 

Last week Nuvera Italy paid a visit. In the discussions it became 
apparent (our proposal by the way) that we could make for them a fuel 
cell stack out of a combination of a bipolar plate of stainless steel (3 1 6 
or 3 10) sintered to a gas diffuser (e.g. a layer of 30 micron fibers of 
3 16L with 85% porosity) and there above a layer of 8 micron fiber of 
3 16L 70% porosity as electrode layer, sintered to the rough fiber layer. 
This "fine" layer makes contact with the PEM membrane. One may 
even conceive the combination fine electrode, rough gas diffuser, bipolar 
plate, rough gas diffuser, electrode, everything sintered together, which 
may be mounted between various PEM-membranes during construction 
of the fuel cell stack. Typical thicknesses are: gas diffuser 1 .5 & 2 mm, 
electrode 0.1 k 0.2 mm, bipolar plate 0.2 mm. 

The purpose of the combination is to solve the electrical contact 
problems (since everything is sintered together): all separate parts are 
now coated with an electroconductive coating (preferably a noble metal) 
to minimize the contact resistance. The use of 3 1 6L also reduces that 
material costs and provides corrosion resistance in the given 
circumstances of 70°C and pH 5, as claimed by Nuvera. 

The question is to make at least a registration with a notary public and 
possibly even a patent, also in* the framework of possible questioning to 
other potential players in the market 

In your search to patents relating to electrodes, I have found one patent 
which describes about the same (namely layers sintered together), 
however for batteries, patent from Westinghouse. 

What is your opinion, can we sit together? 
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Brgds, 
Lieven 

5. The notary public registration demonstrates that the invention of claims 1 and 
3 was conceived of at least by the date of June 12, 2001 . 

6. Diligent efforts were undertaken until an embodiment of the invention of 
claims 1 and 3 was reduced to practice and at least until the European patent 
application was filed on January 1 5, 2002. For instance, on June 22, 2001 , 
Nuvera sent specifications for a fiber stack to Bekaert and additional details 
for the fiber stack were developed, including tests of samples. On July 20, 
2001, a sample was tested and it was determined that the porosity of the 
electrode layer and the gas diffusion layer should be as different as possible 
and that four samples should be made. 

7. As shown by Exhibit B, which is another notary public registration of a 
facsimile transmission, four Bekaert fibers stacks were sent to Nuvera. The 
fiber stacks having different layers with different porosities demonstrate that 
an embodiment of the invention of claims 1 and 3 was reduced to practice by 
at least September 24, 2001, the date of the notary public registration. 

8. Furthermore, diligent efforts were continued until at least the European 
priority application was filed. On October 19, 2001, a first draft of the 
European patent application was drafted, a copy of which is attached as 
Exhibit C. On November 8, 2001 a second draft of the European application 
was drafted, a copy of which is attached as Exhibit D. On November 21, 
2001, hand written additions were made to the draft application, a copy of 
which is attached as Exhibit E. On November 22, 2001 , a further draft of the 
European application was made, a copy of which is attached as Exhibit F. The 
further draft was mailed to the inventors on December 19, 2001, a copy of 
which is attached as Exhibit G, and the further draft was edited on January 9, 
2002 and January 11, 2002 before it was filed January 15, 2002. 

9. These statements and the attached exhibits demonstrate diligence in the actual 
reduction to practice of an embodiment of the inventions of claims 1 and 3, 
and diligence in the preparation of a draft patent application after conception 
of the invention. 

1 0. All of the work discussed above and reflected in the content of the attached 
documents was performed in Belgium. 

1 1 . Thus, the inventions of independent claims 1 and 3 was conceived as early as 
June 12, 2001 and diligence was exercised until an embodiment of the 
invention of claims 1 and 3 was actually reduced to practice and until the 
European priority application was filed; 

12. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful 
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false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or 
any patent issued thereon. - 



EXHIBIT B 



Form for NOTARIAL REGISTRATION 



only to be filled in by the Industrial Property Department : 
Number of notarial registration : = flZn^ 




....... 



Related file at IPD : 



321 



Date of registration : Jlfy Q9jfJ bc/f 

Title of registration : 'T&gJLut cWx. ^JfajQiJ Ukju&u^ 
Name requestor : L Aa*^ * 



Read and understood by (name) : UJUm ^Uc ^CetJ^LueJ^ 



(function) : < ~H J cu«vt /ttb*oe*ey 



(date) : 



following data to be procured by the requestor : 
Author of the registered information : _ 



Place of disclosure of the information : 



Date of communication of the information : Z\ (jfrej 
Receivers of the disclosed information : 



Way of disclosure of the information : 

- under an explicit secrecy agreement Qye|V no 

- under an oral request for secrecy yes / no 

- information marked as confidential no 

- during a meeting open to the public yes / no 

- distribution of copies with information yes / no 

(number of copies : ) 



[Click here and type address) 1 ~ £ 

N.V. bhiw vtiRT s.,%." - 

BEKAERT FIBRE TECHNOLOGY 
BEKAERTSTRAAT 2 




BDF+T5JS 

B.T.W.:BE 4to.J88.536 



To: Giampaolo Sibilia 



Fax: 



+39 02 21292403 



From: Lieven Anaf Date: 


21/09/01 






Re: samples for fuel cell stack Pages: 


4 




* 


CC: Mr Ltotta, Pascal Catteeuw 


□ Urgent □ For Review □ Please Comment 


□ Please Reply 


□ Pie 


aseRecyd 




T* ;| "^^e find herewith the description of the samples sent to you a week ago. 




iffiwe nad a problem with the 4 th series of samples, because we used two times a 
wire mesh, which did not sinter together. We didn't have a wire mesh with the 
right thickness available. 

We would like to receive 6 additional bipolar plates, to redo this test with a thicker 
wire mesh. 

A remark is that we are not able to sinter the wire mesh to the bipolar plate, this 
means we always will need a fibre layer in between. 
We are working on the the planar airpemrfeability measurement 




Technology Manager 
Bekaert Fibre Technologies 



Samples made by BFT for Nuvera 
6 samples of each type 



a) 

Composition ; 

Sintering together : 

Thickness after sintering : 

Porosity 22 pm 

after pressing by Nuvera 

Porosity 22 pm 



CONFIDENTIAL 



Bipolar plate stainless 0,4 mm 

2100 gr/m a 



2100 gr/m* 22 pm 
22 pm + bipolar plate 

about 

about 

about 



2,5 mm 

89,5% 

1,65 

84,10% 



b) 

Composition : 



Bipolar plate stainless 0,4 mm 

1 800 gr/m* 22 pm 1 800 gr/m* 

600gr/m a 8 pm 600gr/m* • 

8 pm was sintered before and pressed at 70 % porosity 
Thickness after pressing 0,2 mm 



Sintering together 8 + 22 pm + bipolar plate 
Thickness after sintering 22 pm: about 

about 
about 



Porosity 22 pm 
after pressing by Nuvera 
Porosity 22 pm 



90,6% 

1 ,45 mm 
84,50% 



2,4 mm 



c) 

Composition : 



Bipolar plate stainless 0,4 mm 

300 gr/m* 22 pm 

1 wire mesh thickness 0,66 mm 

600 gr/m 2 22 pm 

600 gr/m* 8 pm 

8 pm was sintered before and pressed at 70 % porosity 
Thickness after pressing 0,2 mm 

Sintering together 8 + 22 pm + wire mesh + 22 pm + bipolar plate 

Thickness after sintering about : 



CONFIDENTIAL 





8 pm 


0,2 


mm 




22 pm 


0,71 


mm 




Wire mesh 


0,66 


mm 




22 pm 


1,43 


mm 


Porosity 22 pm 


about 


94,7% 




after pressing by Nuvera 




0,79 


mm 


Porosity 22 pm 


about 


85,80% 
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Figuur abstract: figuur x 
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Field of the invention. ~~ jU^G**' 

The present invention relates to bigplafpiates , to be used in fuel cells or 
electrolyse^ 

Background of the invention. 

Bipolar plate s are generally known in the art. Such bipolan pl^tes usually 
have at least 3 layers, engaging each other closely. 



A first layer is a water- and gas-proof layer, hereafter referred to as 
"collector layer!! This collector layer avoids gas or water leakage from 

an other, and guides electrons (e ) to or from the cell. 
Therefor it is generally known to use a meta l foil or plate . 

A second layer, engaging closely one side of the collector layer, is used 
to distribute the gasses used or provided by the chemical reaction in the 
fuel cell or electrolyser at the proton exchange membrane (PEM) t over 
the whole surface ; of [t he fue l cell or electrolyser. This layer is hereafter 
referred to as^st«feut*©H-|ayer^ 

A third layer, engaging closely the other side of the collector layer, is a 



layer, used to provide the contact between diffusion layer and PEM. At 
this so-called contact layer^eff electrode layer, the chemical reaction 
takes place, due to the presence of catalytic elements, either on the 
contact layer or the PEM itself. Gasses, being provided via the diffusion 
layer to this contact layer, are to be retained sufficiently to enable the 
chemical reaction to take place. 



The contact layer, and possibly also the diffusion layer, may be made 
hydrophobic, e.g. by impregnation or presence of hydrophobic elements 
such as Teflon®. 




Depending on the place of theirfpolar plate in the fuel cell or the 
electrolyser, a sbSmrcal reaction takes place in which e~, protons (H+) 
and a gasXconsumed or provided near a PEM. 




The H+ are provided or evacuated via the PEM to the ^em ica peaction . 
therefor, the contact between contact layer and PEM is to be as perfect 
as possible, since the chemical reaction preferably takes place as-etese 
as possiblejifiajUt^ «A(J^ (o4q&XlC ^jC^. 

^JZX^ jw\p^^c 4 CL eat . 

The e- are provided or evacuated via the stack of collector layer, 
diffusion layer and contact layer. Therefor, all layers engaged are to be 
electro-conductive, and the resistance over the stack, and especially the 
contact resistance at the contacts of the several layers is to be as low as 
possible. 

The diffusion layer is to spread the gas flow as much as possible over 
the whole surface of the contact layer, in order to use the present 
catalytic elements as complete as possible, providing e- and H+ over the 
whole surface of the PEM. 

n example of a bipolar plate is described in XXXXX LYNTECH XXXXX. 

Summary of the invention. 

The present invention has as an object to provide an improved bjpatefr 
ptete for use in fuel cells or electrolysers, which has a reduced electrical 
resistance over its thickness, an improved property of diffusing the 
reaction gasses over the surface of the PEM, against which it is to be 
used, and an improved contact between bipolar plate and PEM. 



A bipolar plate as subject of the invention comprises at least three 
layers: 



V 



of 



to 




' i 



a gas- and liquid impermeable metal structure ( collector layer), such 
as a metal foil or metal plate; 

A first metal fiber layer (diffusion layer), comprising metal fibers; 
A second metal fibers layer (contact layer), comprising metal fibers. 



According to the present invention, the impermeable structure is sintered 
to one side of the diffusion layer, and the second metai fiber layer is 
sintered to the other side of the diffusion layer. The term layer is to be 
understood as an essentially flat object having a thickness which is 
essentially equal over the surface of the object. The properties of both 
metal fiber layers are chosen in such a way that the planar air 
permeability is more than XXXXX, whe reas the pcrpcndicu tej^air 
jpermeability of the s econd mo fnl lih r n Iny n r h Ir n th i n w ww r ■ 

Another bipolar plate as subject of the invention comprises 

- a gas- and liquid impermeable metal structure ( collector layer), such 
as a metal foil or metal plate; 

- two first metal fiber layers (diffusion layers), comprising metal fibers; 

- two second metal fiber layers (contact layers), comprising metal 
fibers 



It is understood that at both sides of the impermeable metal structure, a 
first metal fiber layer is sintered, and that a second metal fibers layer is 
sintered to each of the sides of the first metal fibers layers, which are not 
connected to the impermeable metal structure. The planar air 
permeability at both sides of the impermeable metal structure is more 
than XXXXX, whe xs a sJfae p r rpnmli i nlm am perrnggCTTTyof the second 
metal fiborc l ayorc aro Ico s r thaTi XXXXX. 



With planar air permeability is meant the amount of gas which is passed 
through the metal fibers layer in a direction parallel to the plane of the 



0 



L.;.. ! ...u-,. i _ l --_; f?x I..' i l. 



/Lou. 



. k^e^tt .^u^<mJZpu^ ■;— ■ -I : — .- ; - 



ck//u~;< 
'cm. 





**t^ n^^ AU fL^ Mam****. cl^ 

Z*jcic(j^Qc*y^ CtfiB^ A^M.-lLj^L.-ic^Ct.-^..--. 



_ „ O te^Lx..^cL 

■ .-^A^-r^v 

Cp Cj^o^ v^Ouc /|&Ljc=>t : «. Aaju^^cCc* <kj**Lev 

I - CtM^W 

. yy«{ <*fZ 

. **tfv: : ; 




< — 



- aj; -77 



WoA/ulje*. 



^ J.. ' 



4 



E 



-4- 



10 



15 



<9 



layer, measured XXXXX beschrijving van meetwijze. The planar air 
permeability is expressed in XXXXXXX eenheid. 



With perpendicular air permeability is meant the amount of gas which is 
passed through the metal fibers layer in a direction perpendicular to the 
i plane of the layer, measured XXXXX beschrijving van meetwijze. The 
planar air permeability is expressed in XXXXXXX eenheid. 

Preferably the impermeable metal structure is a metal foil or metal plate, 
most preferably provided out of stainless steel, Ni or TL 

The metal fibers used to provide the metal fibers layers are preferably 
stainless steel fibers, Ni-fibers or Ti-fibers. The metal fibers may be 
obtained by using presently known techniques, such as bundle drawing, 
coil shaving or any other production technique. 

> 

The equivalent diameter of the metal fibers used to provide the first 
metal fiber layer or layers, so-called diffusion layer, is larger than 
^2^CXXXX, most preferably larger than XXXX. Possibly, more than one 



20 



sheet of metal fibers is used to provide the first metal fibers layer or 
layers. ^ y 

The density of the diffusion layers is preferably less than XXXXXX, 
whereas the thickness of the diffusion layers is preferably at least 
^ XXXXXX. Such diffusion layers provide to the largest extend the planar 
IS^^ air permeability to the bipolar plate, and hence a superior distribution of 
the reaction gas over the whole surface of the adjacent contact layer or 
layers. 



30 



With "equivalent diameter of a metal fiber" is meant the diameter of an 
imaginary circle which has the same surface as a cross-section of the 
metal fiber. 



With "density" in meant the ratio of the weight per volume of the layer 
over the weight of the same volume, provided 100% out of the metal 
alloy out of which the metal fibers are provided. The density is expressed 
in percentage. The "porosity" of a layer is expressed as 



Porosity=100 - Density. 



Alternatively, but also according to the present invention, a metal mesh 
may be inserted between two layers of metal fibers, comprised in this 
first metal fibers layer. 



The equivalent diameter of the metal fibers used to provide the second 
metal fibers layer, so-called contact layer, is smaller than X^&XX, most 
preferably smaller tharf^&XX. Possibly, more than one sheet of metal 
fibers is used to provide the second metal fibers layer. 
The dertstty-pf 'the contact la^^pi^J^ly^a ^^ an XXXX XX. 

jreas the thigta=te£§"oftS is preferably less than 

XXpXK^ 

Such contact layers, obtaining reaction gas via the diffusion layer over its 
whole surface, retains the gas sufficiently to propagate the chemical 
reaction at its reactive side, being the side of the contact layer, which 
contacts the adjacent F^M. Since the perpendicular air permeability of 
the seconawytev^r is relatively low, a too quick consumption of reaction 
gas at the gas entrance of the bipolar plate is prevented, which results in 
a presence of reactive gas over the whole surface of the connection 
layer. Possibly, the side of the contact layer, which contacts the PEM, is 
provided with an appropriate catalyst. Alternatively the catalyst is present 
on the surface of the PEM. Due to the small equivalent diameter of the 
metal fibers used to provide the contact layer, and the density of this 
layer, a very high degree of contact between contact layer and PEM may 
be obtained, whereas the side of the layer contacting the PEM, is 
relatively soft. Metal fibers projecting out of the essentially flat surface of 




the contact layer,^lh]ot4^n€Trate through the PEM when used, but will 
bend to the contact layer surface during assembly and use of the fuel 
cell or electrolyser. XXXXX= fehmierk van zachtheid ???XXXXX 

^ . — — 



5 Further, the obtained bipolar plate as subject of the invention has a 

transversal electrical resistance of less than XXXXXX Ohrn in case a 
stack of an impermeable metal structure, a diffusion layer and a contact 
layer is provided. With transversal resistance is meant the electrical 
resistance measured between a point on the surface of the impermeable 

10 metal structure and the point of the side of the connecting layer to be 

used against the PEM, which point is closest to the point of the 
impermeable metal structure. This low resistance is obtained thanl/to 
the many contact points between several fibers being sintered to each 
others 

15 Alternatively, when at each side of the impermeable metal structure a 

diffusion layer and a connection layer is provided, the transversal electric 
resistance is less than XXXX Ohm. 



4« 



it is clear that all three layers may be sintered to each other during one 
20 sintering operation, either batch or continuous sintering, or that the 

djjjusrifigf and connecting layer are first sintered individually, before they 
are stacked and sintered to the impermeable metal structure. 



\$P*\ Possibly, but not necessarily, the metal fiber layers may be impregnated 



25 



30 



with a water-repellent agent, e.g. polytertrafluoethylene such as Teflon®. 
XXXXXXXXXXXXXXX 



Waarom is het niet voor de hand liggend dat de AIR PERMEABILITY en 
de andere kenmerken specifiek gekozen moeten worden???? 



xXXXXXXXXXXXXXXXXX 
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Such bipolar plates may be used in fuel cell, where at least two bipolar 
plates as subject of the invention are used. Between a contact layer of 
the first bipolar plate and a contact layer of a second bipolar plate, a 
PEM is provided. At both sides of the PEM, necessary catalysts are 
present to propagate the chemical reaction wanted. To the diffusion layer 
of the first bipolar plate T H2 is provided, which flows through the whole 
diffusion layer (due to the relatively low planar air permeability of the 
bipolar plate). At the PEM, a reaction as underneath is propagated: 



H2 ^ 2 H+ + 2e- « — > j^KJoS)^ 



H+ is conducted through the PEM to the opposite side of the PEM, 
whereas the e- is drained away through the electrically conductive 
15 connection and diffusion layer to the impermeable metal structure. 



The e- is guided via an electrical circuit to the other impermeable metal 
structure of the second bipolar plate. Again via the diffusion and 
connection layer of this second bipolar plate, the e- are provided to the 
20 chemical reaction at this side of the PEM^ ^yu. j> CcJ^oA*. 

02 is provided to the diffusion layer of this second bipolar plate, which is 
conducted through the connection layer to the surface of the PEM. Here 
a reaction takes place, using 02, e- and H+ (provided through the PEM): 

25 

02 + 4H+ + 4e- ■* 2H20 



Since the optimal planar air permeability of the bipolar plate, and the 
relatively low perpendicular air permeability of the connection layers, the 
30 gasses are spread in an optimal way over the whole PEM surface. 

Further, since the low electrical transversal resistance of the bipolar 
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plates, the e- are conducted to the electrical circuit without a significant 

,osso, P owe, b-^A-ejy- ■ ^ 

A similar benefit is made when the bipolar plates are used in u 
5 etectrolysers. An identical combination of at least two bipolar plates is 

provided. A determined tension is provided between the two 
impermeable metal structures. At the bipolar plate with a positive 
tension on its impermeable metal structure, H20 is provided, which 
reacts at the PEM surface as: 

2H20 02 + 4H+ + 4e- . n 



the H+ is conducted through the PEM to the other side of the PEM, 
whereas the e- is conducted via the metal fiber layers to the 
15 impermeable metal structure. 02 is easily evacuated since the high 

planar air permeability of the diffusion layer. 



At the other side, a reaction takes place: 
20 2H+ + 2e-^H2, • ^ r 



Where H+ is provided via the PEM and the e- are provided via the 
impermeable metal structure (being negative pole) and the metal fiber 
layers. H2 is easily evacuated due to the high planar air permeability of 
25 the diffusion layer. 



30 



Brief description of the drawings. 

The invention will now be described into more detail with reference to the 
accompanying drawings wherein 
-FIGURE 1 x. 

Description of the preferred embodiments of the invention. 



xx 
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CLA1MS 

1 . A bipolar plate comprising an impermeable metal structure, at least 
one first metal fiber layer and at least one second metal fiber layer, 
said impermeable metal structure is sintered to one side of the first 
metal fibers layer, said second metal fibers layer is sintered to the 
other side of said first metal fibers layer, characterized in that the 
planar air permeability of the bipolar plate is more than XXXXX, the 
perpendicular air permeability of said second metal fibers layer is 
less than XXXXX. 

2. A bipolar plate comprising an impermeable metal structure, two first 
metal fiber layers and two second metal fiber layers, said first metal 
fiber layers are sintered each to one side of the impermeable metal 
structure, said second metal fiber layers are sintered to the other 
sides of said first metal fiber layers characterized in that the planar 
air permeability of the bipolar plate at both sides of said impermeable 
metal structure is more than XXXXX, the perpendicular air 
permeability of said second metal fiber layers is less than XXXXX. 

3. A bipolar plate as in claim 1 or 2, said first metal fiber layers having a 
density of less than xxxxxx 

4. A bipolar plate as in claim 1 to 3, said second metal fiber layers 
having a density of more than xxxxxx 

5. A bipolar plate as in claim 1 to 4, said first metal fiber layers 
comprising fibers with equivalent diameter of more than xxxx 

6. A bipolar plate as in claim 1 to 5, said second metal fibers layers 
comprising fibers with equivalent diameter of less than xxxx 



-11- 



7. A bipolar plate as in claim 1 to 6, said first metal fiber layers having a 
thickness of more than xxxxx 

8. A bipolar plate as in claim 1 to 7, said second metal fiber layers 
having a thickness of less than xxxxx 

9. A bipolar plate as in claim 1 to 8, said bipolar plate having a 
transversal electric resistance less than XXXX Ohm 

10. A bipolar plate as In claim 1 to 9, said impermeable metal structure 
being a metal plate. 

11. A bipolar plate as in claim 1 to 9, said impermeable metal structure 
being a metal foil. 

12. A bipolar plate as in claim 1 to 11, said metal fibers being stainless 
steel fibers. 

13. A bipolar plate as in claim 1 to 11, said metal fibers being Ni-fibers 

14. A bipolar plate as in claim 1 to 11 , said metal fibers being Ti-fibers 

15. A bipolar plate as in claim 1 to 14, said metal fibers having the same 
alloy of said impermeable metal structure. 

16. A fuel cell, comprising bipolar plates as in claim 1 to 15. 

17. An electrolyser, comprising bipolar plates as in claim 1 to 15. 

18. The use of a bipolar plate as in claim 1 to 15 in fuel cells or 
electrolysers. 



-12- 



ABSTRACT 



x. 



EXHIBIT D 



-14- 



Dossier: 5583 

Titel: porous metal stack for fuel cells or electrolysers. 

5 Aanvrager: NV BEKAERT 

Uitvinders: Anaf 



x 
x 

10 

Losfelt 

x 

X 

15 x 

x 
x 

Figuur abstract: figuur x 

20 

11/8/2001 



5583 ep aanvrage draft bipolar cell 2.doc 



Field of the invention. 



The present invention relates to a porous stack comprising metal fibers, 
to be used in fuel cells or electrolysers. 

Background of the invention. 

Fuel cells and electrolysers usually comprise a number of stacks, which 
are added in combination with proton exchange membrane (PEM), in 
order to obtain separated cells for the electrochemical reactions in either 
the fuel cell or electrolyser. Such stacks are generally known in the art. 
They usually have at least 3 layers, engaging each other closely. 

A first layer is a water- and gas-proof layer, hereafter referred to as 
"collector layer", and also referred to in the art as "bipolar plate". This 
collector layer avoids gas or water leakage from one cell to an other, and 
guides electrons (e*) to or from the cell. Therefor it is generally known to 
use a conductive plate, usually a graphite plate. 

A second layer, engaging closely one side of the collector layer, is used 
to distribute the gasses, used or provided by the electrochemical 
reaction in the fuel cell or electrolyser at the proton exchange membrane 
(PEM), over the whole surface of the fuel cell or electrolyser. This layer 
is hereafter referred to as "distribution layer". 

A third layer, engaging closely the other side of the collector layer, is a 
layer, used to provide the contact between diffusion layer and PEM. At 
this so-called contact layer or "electrode layer", the electrochemical 
reaction takes place, due to the presence of catalytic elements, either on 
the contact layer or the PEM itself. Gasses, being provided via the 
diffusion layer to this contact layer, are to be retained sufficiently to 
enable the electrochemical reaction to take place. 



The contact layer, and possibly also the diffusion layer, may be made 
hydrophobic, e.g. by impregnation or presence of hydrophobic elements 
such as Teflon®, or hydrophilic. 

Depending on the place of the stack in the fuel cell or the electrolyser, a 
electrochemical reaction takes place in which e-, protons (H+) and a gas 
are consumed or provided near a PEM. 

The H+ are provided or evacuated via the PEM to the electrochemical 
reaction. Therefor, the contact between contact layer and PEM is to be 
as perfect as possible, since the electrochemical reaction takes place at 
the catalytic layer, which is close to the surface of the PEM. 

The e- are provided or evacuated via the stack of collector layer, 
diffusion layer and contact layer. Therefor, all layers engaged are to be 
electro-conductive, and the resistance over the stack, and especially the 
contact resistance at the contacts of the several layers is to be as low as 
possible. 

The diffusion layer is to spread the gas flow as much as possible over 
the whole surface of the contact layer, in order to use the present 
catalytic elements as complete as possible, providing e- and H+ over the 
whole surface of the PEM. 

An example of a stack is described in WO0069003 and EP0141241. 
Summary of the invention. 

The present invention has as an object to provide an improved stack for 
use in fuel cells or electrolysers, which comprises metal fibers and which 
has a reduced electrical resistance over its thickness, an improved 
property of diffusing the reaction gasses over the surface of the PEM, 
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against which it is to be used, and an improved contact between stack 
and PEM. 

A stack as subject of the invention comprises at least three layers: 
5 - a gas- and liquid impermeable metal structure ( collector layer), such 

as a metal foil or metal plate; 

- A first metal fiber layer (diffusion layer), comprising metal fibers; 

- A second metal fibers layer (contact layer), comprising metal fibers. 

10 According to the present invention, the impermeable structure is sintered 

to one side of the diffusion layer, and the second metal fiber layer is 
sintered to the other side of the diffusion layer. The term layer is to be 
understood as an essentially flat object having a thickness, which is 
essentially equal over the surface of the object. The properties of both 

1 5 metal fiber layers are chosen in such a way that the planar air 

permeability of the stack as subject of the invention is more than XXXXX, 
whereas the porosity of the contact layer is less than 80% orHe^iin^lesis 
thanll5%^ 

20 Another stack as subject of the invention comprises 

- a gas- and liquid impermeable metal structure ( collector layer), such 
as a metal foil or metal plate; 

- two first metal fiber layers (diffusion layers), comprising metal fibers; 

- two second metal fiber layers (contact layers), comprising metal 
25 fibers 

It is understood that at both sides of the impermeable metal structure, a 
first metal fiber layer is sintered, and that a second metal fibers layer is 
sintered to each of the sides of the first metal fibers layers, which are not 
30 connected to the impermeable metal structure. The planar air 

permeability of the stack as subject of the invention at both sides of the 
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impermeable metal structure is more than XXXXX, whereas the porosity 
of the contact layers are' jess than 80% or even less than 75%. 

With planar air permeability is meant the amount of gas which is passed 
5 through the metal fibers layers of the stack in a direction parallel to the 

plane of the layers, measured >!$^ The 
planar air permeability is expressed in XXXXXXX eenheid. 



10 



The "porosity" of a layer is expressed as 

Porosity = 100 - Density. 



With "density" in meant the ratio of the weight per volume of the layer 
over the weight of the same volume, provided 100% out of the metal 
15 alloy out of which the metal fibers are provided. The density is expressed 

in percentage. 

Preferably the impermeable metal structure is a metal foil or metal plate, 
most preferably provided out of stainless steel, Ni or Ti. In case of 
20 stainless steei, preferably Fe-Ni-Cr alloys are used such as alloys of the 

serie AISI-300 and AISI-400, preferably AISI 31 6L or Ni-Fe alloys such 
as Inconel®. 

The metal fibers used to provide the metal fibers layers are preferably 
25 stainless steel fibers, Ni-fibers or Ti-fibers. In case of stainless steel 

fibers, preferably Fe-Ni-Cr alloys are used such as alloys of the serie 
AISI-300 and AISI-400, preferably AISI 31 6L or Ni-Fe alloys such as 
Inconel®. The metal fibers may be obtained by using presently known 
techniques, such as bundle drawing, coil shaving or any other production 
30 technique. 



Preferably all layers of the stack are provided out of the same metal or 
metal alloy. 

The contact layer and the diffusion layer may be sintered separately, 
before stack comprising a collector layer, one or more diffusion layers 
and one or more contact layers are assembled and sintered to each 
other. Alternatively, the diffusion layers and the contact layers, both 
comprising metal fibers, and the collector layer may be sintered to each 
other all at once during one sintering operation. 

The equivalent diameter of the metal fibers used to provide the first 
metal fiber layer or layers, so-called diffusion layer, is larger than 20pm, 
most preferably larger than 50pm. Possibly, more than one sheet of 
metal fibers is used to provide the first metal fibers layer or layers. 

With "equivalent diameter of a metal fiber" is meant the diameter of an 
imaginary circle which has the same surface as a cross-section of the 
metal fiber. 

Preferably, the porosity of the diffusion layer is more than 10% larger 
than the porosity of the contact layer. Most preferably, the porosity of the 
diffusion layer is more than 80%, or even more than 82%, such as more 
than 85% or even more than 90%. In order to obtain a preferred stack as 
subject of the invention the thickness of the diffusion layer is more than 
0.5mm, most preferably more than 1mm. 

Such diffusion layers provide to the largest extend the planar air 
permeability to the stack, and hence a superior distribution of the 
reaction gas over the whole surface of the adjacent contact layer or 
layers. 
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Alternatively, but also according to the present invention, a metal mesh 
or stretch metal foil or plate may be inserted between two layers of metal 
fibers, comprised in this first metal fibers layer. 

5 The equivalent diameter of the metal fibers used to provide the second 

metal fibers layer, so-called contact layer, Is smaller than 30|jm, most 
preferably smaller than 10pm. Possibly, more than one sheet of metal 
fibers is used to provide the second metal fibers layer. 
The thickness of the contact layer is preferably less than 0.2mm. 

10 Such contact layers, obtaining reaction gas via the diffusion layer over its 

whole surface, retains the gas sufficiently to propagate the 
electrochemical reaction at its reactive side, being the side of the contact 
layer, which contacts the adjacent PEM. Since the perpendicular air 
permeability of the second metal fiber layer is relatively low, a too quick 

15 consumption of reaction gas at the gas entrance of the stack is 

prevented, which results in a presence of reactive gas over the whole 
surface of the connection layer. Possibly, the side of the contact layer, 
which contacts the PEM, is provided with an appropriate catalyst. 
Alternatively the catalyst is present on the surface of the PEM. Due to 

20 the small equivalent diameter of the metal fibers used to provide the 

contact layer, and the density of this layer, a very high degree of contact 
between contact layer and PEM may be obtained, whereas the side of 
the layer contacting the PEM, is relatively soft. Metal fibers projecting out 
of the essentially flat surface of the contact layer, will not penetrate 

25 through the PEM when used, but will bend to the contact layer surface 

during assembly and use of the fuel cell or electrolyser. XXXXX kenhriei fk 
van zachtheid^?Mi^ 

Preferably, the perpendicular air permeability of the contact layer is less 
30 than x>oo6qfe^ 

With perpendicular air permeability is meant the amount of gas which is 
passed through the metal fibers layer in a direction perpendicular to the 
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plane of the layer, measured XXX^ beschrijving van meetwijze The 

Further, the obtained stack as subject of the invention has a transversal 
5 electrical resistance of less than XXXXXX Ohm in case a stack of an 

impermeable metal structure, a diffusion layer and a contact layer is 
provided. With transversal resistance is meant the electrical resistance 
measured between a point on the surface of the impermeable metal 
structure and the point of the side of the connecting layer to be used 
10 against the PEM, which point is closest to the point of the impermeable 

metal structure. This low resistance is obtained thanks to the many 
contact points between several fibers being sintered to each other or to 
the collector layer. 

Alternatively, when at each side of the impermeable metal structure a 
15 diffusion layer and a connection layer is provided, the transversal electric 

resistance is less than XXXX Ohm. 

It is clear that all three layers may be sintered to each other during one 
sintering operation, either batch or continuous sintering, or that the 
20 diffusion and connecting layer are first sintered individually, before they 

are stacked and sintered to the impermeable metal structure. 

After sintering, possibly, but not necessarily, the metal fiber layers may 
be impregnated with a hydrophobic or hydrophilic agent, e.g. 
25 polytertrafiuoethylene such as Teflon® as hydrophobic agent. 

xxxxxxxxxxxxxxx 

Waarom is het niet voor de hand liggend dat de AIR PERMEABILITY en 
30 de andere kenmerken specifiek gekozen moeten worden???? 
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Such stacks may be used in fuel cell, where at least two stacks as 
subject of the invention are used. Between a contact layer of the first 
stack and a contact layer of a second stack, a PEM is provided. At both 
5 sides of the PEM, necessary catalysts are present to propagate the 

electrochemical reaction wanted. To the diffusion layer of the first stack, 
H2 is provided, which flows through the whole diffusion layer (due to the 
relatively low planar air permeability of the stack). At the PEM, a reaction 
as underneath is propagated: 

10 

H2 2 H+ + 2e- 



This side of the fuel cell is referred to as anode. 
H+ is conducted through the PEM to the opposite side of the PEM, 
15 whereas the e- is drained away through the electrically conductive 

connection and diffusion layer to the impermeable metal structure. 

The e- is guided via an electrical circuit to the other impermeable metal 
structure of the second stack. Again via the diffusion and connection 
20 layer of this second stack, the e- are provided to the electrochemical 

reaction at this side of the PEM, being the cathode side. 



02 is provided to the diffusion layer of this second stack, which is 
conducted through the connection layer to the surface of the PEM. Here 
25 a reaction takes place, using 02, e- and H+ (provided through the PEM): 



02 + 4H+ + 4e- -» 2H20 



30 



Since the optimal planar air permeability of the stack, and the relatively 
low perpendicular air permeability of the connection layers, the gasses 
are spread in an optimal way over the whole PEM surface. Further, since 



the low electrical transversal resistance of the stacks, the e- are 
conducted to the electrical circuit without a significant loss of power. 

A similar benefit is made when the stacks are used in electrolysers. An 
identical combination of at least two stacks is provided. A determined 
tension is provided between the two impermeable metal structures. At 
the stack with a positive tension on its impermeable metal structure, H20 
is provided, which reacts at the PEM surface as: 

2H20 -> 02 + 4H+ + 4e- 

xxx anode ????xxx 

the H+ is conducted through the PEM to the other side of the PEM, 
whereas the e- is conducted via the metal fiber layers to the 
impermeable metal structure. 02 is easily evacuated since the high 
planar air permeability of the diffusion layer. 

At the other side, a reaction takes place: 

2H+ + 2e- H2, 

?? cathode ;^??xxx 

Where H+ is provided via the PEM and the e- are provided via the 
impermeable metal structure (being negative pole) and the metal fiber 
layers. H2 is easily evacuated due to the high planar air permeability of 
the diffusion layer. 
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Brief description of the drawings. 

The invention will now be described into more detail with reference to the 
accompanying drawings wherein 
-FIGURE 1 x. 

Description of the preferred embodiments of the invention. 

xx 
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CLA1MS 

1 . A stack comprising an impermeable metal structure, at least one first 
5 metal fiber layer and at least one second metal fiber layer, said 

impermeable metal structure is sintered to one side of the first metal 
fibers layer, said second metal fibers layer is sintered to the other 
side of said first metal fibers layer, characterized in that the planar air 
permeability of the stack is more than XXXXX, porosity of said 
10 second metal fiber layer is less than 80%. 

2. A stack comprising an impermeable metal structure, two first metal 
fiber layers and two second metal fiber layers, said first metal fiber 
layers are sintered each to one side of the impermeable metal 
structure, said second metal fiber layers are sintered to the other 
sides of said first metal fiber layers characterized in that the planar 
air permeability of the stack at both sides of said impermeable metal 
structure is more than XXXXX, porosity of said second metal fiber 
layers Is less than 80%.. 

3. A stack as in claim 1 or 2, said first metal fiber layers having a 
porosity of more than 80% 

4. A stack as in claim 1 to 3, said second metal fiber layers having a 
25 planar air permeability of less than XXXX 

5. A stack as in claim 1 to 4, said first metal fiber layers comprising 
fibers with equivalent diameter of more than 20pm 



15 



20 



30 6. A stack as in claim 1 to 5, said second metal fibers layers comprising 

fibers with equivalent diameter of less than 30pm 
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7. A stack as in claim 1 to 6, said first metal fiber layers having a 
thickness of more than 0.5mm 

8. A stack as in claim 1 to 7, said second metal fiber layers having a 
thickness of less than 0.2mm 

9. A stack as in claim 1 to 8, said stack having a transversal electric 
resistance less than XXXX Ohm 

10. A stack as in claim 1 to 9, said impermeable metal structure being a 
metal plate. 

11. A stack as in claim 1 to 9, said impermeable metal structure being a 
metal foil. 

12. A stack as in claim 1 to 11, said metal fibers being stainless steel 
fibers. 

13. A stack as in claim 1 to 11, said metal fibers being Ni-fibers 

14. A stack as in claim 1 to 1 1 , said metal fibers being Ti-fibers 

15. A stack as in claim 1 to 14, said metal fibers having the same alloy of 
said impermeable metal structure. 

16. A fuel cell, comprising stacks as in claim 1 to 15. 

17. An electrotyser, comprising stacks as in claim 1 to 15. 

18. The use of a stack as in claim 1 to 1 5 in fuel cells or electrolysers. 



-13- 



ABSTRACT 

x. 



EXHIBIT E 




& 



K/V* AJC6- Ur^JW J/T T( r CJc-^^W 



CD 










\ / / 

1 "./ - / 



lU 



CLoJ. (Ll 

(9 t <x H.g. 4 ftouuUA k> lie. r»tb_cL tu<o^cL Q^Jcu- 



U a : ^njfev*. / 



<5> 



EXHIBIT F 



-16- 



Dossier: 



Titel: 




porous metal stack for fuel cells or electrolysers. 



Aanvrager: 



NV BEKAERT 



Uitvinders: 



10 



Anaf 

x 
x 

Losfelt 

x 

x 



15 



x 
x 
x 



20 



Figuur abstract: figuur x 



11/22/2001 



5583 ep aanvrage draft bipolar cell 4.doc 



Field of the invention. 



The present invention relates to a porous stack comprising metal fibers, 
to be used in fuel cells or electrolysers. 

Background of the invention. 

Fuel cells and electrolysers usually comprise a number of stacks, which 
are added in combination with proton exchange membrane (PEM), in 
order to obtain separated cells for the electrochemical reactions in either 
the fuel cell or electrolyser. Such stacks are generally known in the art. 
They usually have at least 3 layers, engaging each other closely. 

A first layer is a water- and gas-proof layer, hereafter referred to as 
"collector layer", and also referred to in the art as "bipolar plate". This 
collector layer avoids gas or water leakage from one cell to an other, and 
guides electrons (e") to or from the cell. Therefor it is generally known to 
use a conductive plate, usually a graphite plate. 

A second layer, engaging closely one side of the collector layer, is used 
to distribute the gasses, used or provided by the electrochemical 
reaction in the fuel cell or electrolyser at the proton exchange membrane 
(PEM), over the whole surface of the fuel cell or electrolyser. This layer 
is hereafter referred to as "distribution layer". 

A third layer, engaging closely the other side of the collector layer, is a 
layer, used to provide the contact between diffusion layer and PEM. At 
this so-called contact layer or "electrode layer", the electrochemical 
reaction takes place, due to the presence of catalytic elements, either on 
the contact layer or the PEM itself. Gasses, being provided via the 
diffusion layer to this contact layer, are to be retained sufficiently to 
enable the electrochemical reaction to take place. 



The contact layer, and possibly also the diffusion layer, may be made 
hydrophobic, e.g. by impregnation or presence of hydrophobic elements 
such as Teflon®, or hydrophilic. 

Depending on the place of the stack in the fuel cell or the electrolyser, a 
electrochemical reaction takes place in which e-, protons (H+) and a gas 
are consumed or provided near a PEM. 

The H+ are provided or evacuated via the PEM to the electrochemical 
reaction. Therefor, the contact between contact layer and PEM is to be 
as perfect as possible, since the electrochemical reaction takes place at 
the catalytic layer, which is close to the surface of the PEM. 

The e- are provided or evacuated via the stack of collector layer, 
diffusion layer and contact layer. Therefor, all layers engaged are to be 
electro-conductive, and the resistance over the stack, and especially the 
contact resistance at the contacts of the several layers is to be as low as 
possible. 

The diffusion layer is to spread the gas flow as much as possible over 
the whole surface of the contact layer, in order to use the present 
catalytic elements as complete as possible, providing e- and H+ over the 
whole surface of the PEM. 

An example of a stack is described in WO0069003 and EP0141241. 
Summary of the invention. 

The present invention has as an object to provide an improved stack for 
use in fuel cells or electrolysers, which comprises metal fibers and which 
has a reduced electrical resistance over its thickness, an improved 
property of diffusing the reaction gasses over the surface of the PEM, 



against which it is to be used, and an improved contact between stack 
and PEM. 

A stack as subject of the invention comprises at least three layers: 

- a gas- and liquid impermeable metal structure ( collector layer), such 
as a metal foil or metal plate; 

- A first metal fiber layer (diffusion layer), comprising metal fibers; 

- A second metal fibers layer (contact layer), comprising metal fibers. 

According to the present invention, the impermeable structure is sintered 
to one side of the diffusion layer, and the second metal fiber layer is 
sintered to the other side of the diffusion layer. The term layer is to be 
understood as an essentially flat object having a thickness, which is 
essentially equal over the surface of the object. The properties of both 
metal fiber layers are chosen in such a way that the planar air 
permeability of the stack as subject of the invention is more than XXXXX, 
whereas the porosity of the contact layer is less than 80% or even-le&s 
ihan75%. 

Another stack as subject of the invention comprises 

- a gas- and liquid impermeable metal structure ( collector layer), such 
as a metal foil or metal plate; 

- two first metal fiber layers (diffusion layers), comprising metal fibers; 

- two second metal fiber layers (contact layers), comprising metal 
fibers 

It is understood that at both sides of the impermeable metal structure, a 
first metal fiber layer is sintered, and that a second metal fibers layer is 
sintered to each of the sides of the first metal fibers layers, which are not 
connected to the impermeable metal structure. The planar air 
permeability of the stack as subject of the invention at both sides of the 
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impermeable metal structure is more than XXXXX, whereas the porosity 
of the contact layers a^^ than 75%. 

With planar air permeability is meant the amount of gas which is passed 
through the metal fibers layers of the stack in a direction parallel to the 
plane of the layers, measured The 
planar air permeability is expressed in XX^JiOCX eenheid. 

The "porosity" of a layer is expressed as 

Porosity = 100 - Density. 

With "density" in meant the ratio of the weight per volume of the layer 
over the weight of the same volume, provided 100% out of the metal 
alloy out of which the metal fibers are provided. The density is expressed 
in percentage. 

Preferably the impermeable metal structure is a metal foil or metal plate, 
most preferably provided out of stainless steel, Ni or Ti. In case of 
stainless steel, preferably Fe-Ni-Cr alloys are used such as alloys of the 
serie AISI-300 and AISI-400, preferably AISI 31 6L or Ni-Fe alloys such 
as Inconel®. 

The metal fibers used to provide the metal fibers layers are preferably 
stainless steel fibers, Ni-fibers or Ti-fibers. In case of stainless steel 
fibers, preferably Fe-Ni-Cr alloys are used such as alloys of the serie 
AISI-300 and AISI-400, preferably AISI 31 6L or Ni-Fe alloys such as 
Inconel®. The metal fibers may be obtained by using presently known 
techniques, such as bundle drawing, coil shaving or any other production 
technique. 
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15 



20 



Preferably all layers of the stack are provided out of the same metal or 
metal alloy. 

The contact layer and the diffusion layer may be sintered separately, 
before stack comprising a collector layer, one or more diffusion layers 
and one or more contact layers are assembled and sintered to each 
other. Alternatively, the diffusion layers and the contact layers, both 
comprising metal fibers, and the collector layer may be sintered to each 
other ail at once during one sintering operation. 

The equivalent diameter of the metal fibers used to provide the first 
metal fiber layer or layers, so-called diffusion layer, is larger than 20pm, 
most preferably larger than 50pm* Possibly, more than one sheet of 
metal fibers is used to provide the first metal fibers layer or layers. 



With "equivalent diameter of a metal fiber" is meant the diameter of an 
imaginary circle which has the same surface as a cross-section of the 
metal fiber. 



Preferably, the porosity of the diffusion layer is more than 10% larger 
than the porosity of the contact layer. Most preferably, the porosity of the 
diffusion layer is more than 80%, or even more than 82%, such as more 
than 85% or even more than 90%. In order to obtain a preferred stack as 

25 subject of the invention the thickness of the diffusion layer is more than 

0.5mm, most preferably more than 1mm. 
Such diffusion layers provide to the largest extend the planar air 
permeability to the stack, and hence a superior distribution of the 
reaction gas over the whole surface of the adjacent contact layer or 

30 layers. 
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Alternatively. but also according to the present invention, a metal mesh 
or stretch metal foil or plate may be inserted between two layers of metal 
fibers, comprised in this first metal fibers layer. 

5 The equivalent diameter of the metal fibers used to provide the second 

metal fibers layer, so-called contact layer, is smaller than 30pm, most 
preferably smaller than 10pm. Possibly, more than one sheet of metal 
fibers is used to provide the second metal fibers layer. 
The thickness of the contact layer is preferably less than 0.2mm. 
10 Such contact layers, obtaining reaction gas via the diffusion layer over its 

whole surface, retains the gas sufficiently to propagate the 
electrochemical reaction at its reactive side, being the side of the contact 
layer, which contacts the adjacent PEM. Since the perpendicular air 
permeability of the second metal fiber layer is relatively low, a too quick 
1 5 consumption of reaction gas at the gas entrance of the stack is 

prevented, which results in a presence of reactive gas over the whole 
surface of the connection layer. Possibly, the side of the contact layer, 
which contacts the PEM, is provided with an appropriate catalyst. 
Alternatively the catalyst is present on the surface of the PEM. Due to 
20 the small equivalent diameter of the metal fibers used to provide the 

contact layer, and the density of this layer, a very high degree of contact 
between contact layer and PEM may be obtained, whereas the side of 
the layer contacting the PEM, is relatively soft. Metal fibers projecting out 
of the essentially flat surface of the contact layer, will not penetrate 
25 through the PEM when used, but will bend to the contact layer surface • 

during assembly and use of the fuel cell or electrolyser. XXXXX^#Sferl< 
van zachthiiip#5^1 

Preferably, the perpendicula r air permeability of the contact layer is less 
30 than xxxxxxx; most prefer^ less than xxxxx. 

^J^)^ With perpendicular air permeability is meant the amount of gas which is 
passed through the metal fibers layer in a direction perpendicular to the 
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plane of the layer, jSij^a'siired X^QCX- beschrijving van meetwijze; Thfe 
planar air pbrmeabp^ 

Further, the obtained stack as subject of the invention has a transversal 
5 electrical resistance of less than XXXXXX Ohm in case a stack of an 

impermeable metal structure, a diffusion layer and a contact layer is 
provided. With transversal resistance is meant the electrical resistance 
measured between a point on the surface of the impermeable metal 
structure and the point of the side of the connecting layer to be used 
10 against the PEM, which point is closest to the point of the impermeable 

metal structure. This low resistance is obtained thanks to the many 
contact points between several fibers being sintered to each other or to 
the collector layer. 

Alternatively, when at each side of the impermeable metal structure a 
15 diffusion layer and a connection layer is provided, the transversal electric 

resistance is less than J^XvOhni. 

It is clear that all three layers may be sintered to each other during one 
sintering operation, either batch or continuous sintering, or that the 
20 diffusion and connecting layer are first sintered individually, before they 

are stacked and sintered to the impermeable metal structure. 

After sintering, possibly, but not necessarily, the metal fiber layers may 
be impregnated with a hydrophobic or hydrophilic agent, e.g. 
25 polytertrafluoethylene such as Teflon® as hydrophobic agent. 

xxxxxxxxxxxxxxx 

Waarom is het niet voor de hand liggend dat de AIR PERMEABILITY en 
30 de andere kenmerken specifiek gekozen moeten worden???? 
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Such stacks may be used in fuel cell, where at least two stacks as 
subject of the invention are used. Between a contact layer of the first 
stack and a contact layer of a second stack, a PEM is provided. At both 
5 sides of the PEM, necessary catalysts are present to propagate the 

electrochemical reaction wanted. To the diffusion layer of the first stack, 
H2 is provided, which flows through the whole diffusion layer (due to the 
relatively low planar air permeability of the stack). At the PEM, a reaction 
as underneath is propagated: 

10 

H2 ^ 2 H+ + 2e- 



This side of the fuel cell Is referred to as anode. 
H+ is conducted through the PEM to the opposite side of the PEM, 
15 whereas the e- is drained away through the electrically conductive 

connection and diffusion layer to the impermeable metal structure. 

The e- is guided via an electrical circuit to the other impermeable metal 
structure of the second stack. Again via the diffusion and connection 
20 layer of this second stack, the e- are provided to the electrochemical 

reaction at this side of the PEM, being the cathode side. 

02 is provided to the diffusion layer of this second stack, which is 
conducted through the connection layer to the surface of the PEM. Here 
25 a reaction takes place, using 02, e- and H+ (provided through the PEM): 



02 + 4H+ + 4e- -» 2H20 



30 



Since the optimal planar air permeability of the stack, and the relatively 
low perpendicular air permeability of the connection layers, the gasses 
are spread in an optimal way over the whole PEM surface. Further, since 



the low electrical transversal resistance of the stacks, the e- are 
conducted to the electrical circuit without a significant loss of power. 

A similar benefit is made when the stacks are used in electrolysers. An 
identical combination of at least two stacks is provided. A determined 
tension is provided between the two impermeable metal structures. At 
the stack with a positive tension on its impermeable metal structure, H20 
is provided, which reacts at the PEM surface as: 

2H20 -» 02 + 4H+ + 4e- 

the H+ is conducted through the PEM to the other side of the PEM, 
whereas the e- is conducted via the metal fiber layers to the 
impermeable metal structure. 02 is easily evacuated since the high 
planar air permeability of the diffusion layer. 

At the other side, a reaction takes place: 

2H+ + 2e- H2, 

?^caWdde®?>^ 

Where H+ is provided via the PEM and the e- are provided via the 
impermeable metal structure (being negative pole) and the metal fiber 
layers. H2 is easily evacuated due to the high planar air permeability of 
the diffusion layer. 
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Brief description of the drawings. 

The invention will now be described into more detail with reference to the 
accompanying drawings wherein 
-FIGURE 1 x. 

Description of the preferred embodiments of the invention. 

An embodiment of a porous stack as subject of the invention is shown in 
Figure 1 . 

The stack 10 comprises a gas- and liquid impermeable metal structure, 
so-called collector layer 1 1 . In the embodiment shown in Figure 1 , a 
metal plate provided out of stainless steel with alloy AiSI 31 6L is used. 
The collector layer has a thickness of 0,4 mm. 

To one side of this collector layer, a diffusion layer 12, being a sintered 
metal fiber layer consisting out of stainless steel fibers (Alloy AISI 31 6L) 
with equivalent diameter of 22 pm is provided. This diffusion layer 12 has 
a thickness of 1,7mm and has a porosity of 85%. 

The fibers are obtained by coil shaving process, which provides to the 
fibers a substantially rectangular cross-section, have a large side of 
approximately 25 gm and a short side of approximately 15 pm 

To the side of the diffusion layer, which does not contact the collector 
layer, a second metal fiber layer 13, being the contact layer, is provided. 
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This contact layer 13 consists of sintered bundle drawn stainless steel 
fibers (Alloy AISI 136L) having an essentially circular cross-section with 
an equivalent diameter of 8 pm. This contact layer 13 has a thickness of 
approximately 0,2 mm and a porosity of preferably 70%. Alternatively a 
5 porosity of 85% may be used. 

An alternative stack 20 as subject of the invention is shown in Figure 2. 
This embodiment comprises a collector layer 21, being identical to the 
collector layer of Figure 1 . 

10 

At both sides of the collector layer 21 , a diffusion layer 22a and 22b is 
provided, each diffusion layer 22a and 22b being identical as the 
diffusion layer of Figure 1 . 

15 Similar as in Figure 1 , a contact layer 23a and 23b is provided to the 

sides of diffusion layer 22a and 22b. These contact layers 23a and 23b 
are identical as the contact layer of Figure 1 . 

The planar air permeability of stack 10, and of both sides 24a and 24b of 
20 stack 20, are measured as shown in Figure 3. 

XXXXXriog verd^uit te werken XXXXXXX 

The planar air permeability of stack 10a of both sides 24a and 24b of 
stack 20 are XXXXX 

25 

It was found that the porosity of contact layer 13, 23a or 23b does not 
make significant changes to this planar air permeability. 

The perpendicular air permeability of the contact layer 13, 23a and 23b 
30 are 



Porosity 


Thickness 


Perpendicular 
air permeability 


70% 


XX 


XX 
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85% 



XX 



XX 



An electrical resistance may be measured over the stack 1 0 or over both 
sides of stack 20, being XX)^ .n6^ verde^ 



5 The stacks 10 or 20 as subject of the invention may be used in an 

electrolyser or in a fuel cell, as shown in Figure 4 and Figure 5. 

Figure 4 shows a fuel cell 40, comprising several stacks 10 and 20, 
separated from each other using proton exchange membranes 41, 
10 between the contact layers of the stacks 10 or 20 and the PEM 41 , 

appropriate catalysts are provided. 



0 2 or H 2 is provided to the stack in such a way that at both sides of the 
PEM, an electrochemical reaction takes place. The e* are collected 
15 through the contact and diffusion layers by the collector layers. 

The collector layers are connected to each other via an appropriate 
electrical connection device 42, which provided electrical current to be 
used by an electrical device or to a battery 43/ 

20 

In Figure 5, two stacks 10 are separated from each other by means of a 
catolytically coated PEM 51. 



25 



An electrical tension is provided by a tension source to the collector 
layers of the electrolyser. H 2 0 being provided to the electrolyser, reacts 
electrochemically, providing O z and H 2 . 
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C LAI MS 

1 . A stack comprising an impermeable metal structure, at least one first 
5 metal fiber layer and at least one second metal fiber layer, said 

impermeable metal structure is sintered to one side of the first metal 
fibers layer, said second metal fibers layer is sintered to the other 
side of said first metal fibers layer, characterized in that the planar air 
permeability of the stack is more than XXXXX, porosity of said 
10 second metal fiber layer is less than 80%. 

2. A stack comprising an impermeable metal structure, two first metal 
fiber layers and two second metal fiber layers, said first metal fiber 
layers are sintered each to one side of the impermeable metal 
structure, said second metal fiber layers are sintered to the other 
sides of said first metal fiber layers characterized in that the planar 
air permeability of the stack at both sides of said impermeable metal 
structure is more than XXXXX, porosity of said second metal fiber 
layers is less than 80%.. 

3. A stack as in claim 1 or 2, said first metal fiber layers having a 
porosity of more than 80% 

4. A stack as in claim 1 to 3, said second metal fiber layers having a 
25 planar air permeability of less than XXXX 

5. A stack as in claim 1 to 4, said first metal fiber layers comprising 
fibers with equivalent diameter of more than 20pm 



15 



20 



30 6. 



A stack as in claim 1 to 5, said second metal fibers layers comprising 
fibers with equivalent diameter of less than 30pm 
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7. A stack as in claim 1 to 6, said first metal fiber layers having a 
thickness of more than 0.5mm 

8. A stack as in claim 1 to 7, said second metal fiber layers having a 
thickness of less than 0.2mm 

9. A stack as in claim 1 to 8, said stack having a transversal electric 
resistance less than XXXX Ohm 

10. A stack as in claim 1 to 9, said impermeable metal structure being a 
metal plate. 

1 1 . A stack as in claim 1 to 9, said impermeable metal structure being a 
metal foil. 

12. A stack as in claim 1 to 11, said metal fibers being stainless steel 
fibers. 

13. A stack as in claim 1 to 11, said metal fibers being Ni-fibers 

14. A stack as in claim 1 to 11, said metal fibers being Ti-fibers 

15. A stack as in claim 1 to 14, said metal fibers having the same alloy of 
said impermeable metal structure. 

16. A fuel cell, comprising stacks as in claim 1 to 15. 

17. An electrolyser, comprising stacks as in claim 1 to 15. 

18. The use of a stack as in claim 1 to 15 in fuel cells or electrolysers. 



-15- 



ABSTRACT 

x. 



EXHIBIT G 



Field of the invention. 



5 



The present invention relates to a porous stack comprising metal fibers, 
to be used in fuel cells or electrolysers. 

Background of the invention. 

Fuel cells and electrolysers usually comprise a number of stacks, which 
^ are added in combination wittfproton exchange membrane (PEM), in 
10 order to obtain separated cells for the electrochemical reactions in 

either the fuel cell or electrolyses Such stacks are generally known in 
the art. They usually have at least 3 layers, engaging each other 
closely. 

15 A first layer is a water- and gas-proof layer, hereafter referred to as 

"collector layer, and also referred to in the art as "bipolar plate". This 
collector layer avoids gas or water leakage from one cell to an other, 
and guides electrons (e) to or from the cell. Therefor it is generally 
known to use a conductive plate, usually a graphite plate. 

20 

A second layer, engaging closely one side of the collector layer, is used 
to distribute the gasses, used or provided by the electrochemical 
reaction in the fuel cell or electrolyser at the proton exchange 
membrane (PEM), over the whole surface of the fuel cell or electrolyser. 
25 This layer is hereafter referred to as "distribution layer". 



A third layer, engaging closely the other side of the collector layer, is a 
layer, used to provide the contact between diffusion layer and PEM. At 
this so-called contact layer or "electrode layer", the electrochemical 
30 reaction takes place, due to the presence of catalytic elements, either 

on the contact layer or the PEM itself. Gasses, being provided via the 
diffusion layer to this contact layer, are to be retained sufficiently to 
enable the electrochemical reaction to take place. 
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The contact layer, and possibly also the diffusion layer, may be made 
hydrophobic, e.g. by impregnation or presence of hydrophobic 
elements such as Teflon®^ or hydrophilic. 

Depending on the place of the stack in the fuel cell or the efectrolyser, a 
electrochemical reaction takes place in which e~, protons (H + ) and a gas 
are consumed or provided near a PEM. 

The H* are provided or evacuated via the PEM to the electrochemical 
reaction. Therefor, the contact between contact layer and PEM is to be 
as perfect as possible, since the electrochemical reaction takes place at 
the catalytic layer, which is close to the surface of the PEM. 

The e- are provided or evacuated via the stack of collector layer, 
diffusion layer and contact layer. Therefor, all layers engaged are to be 
electro-conductive, and the resistance over the stack, and especially 
the contact resistance at the contacts of the several layers is to be as 
low as possible. 

The diffusion layer is to spread the gas flow as much as possible over 
the whole surface of the contact layer, in order to use the present 
catalytic elements as complete as possible, providing e~ and hT over the 
whole surface of the PEM. 

An example of a stack is described in WO0069003 and EP0141241. 
Summary of the invention. 

The present invention has as an object to provide an improved stack for 
use in fuel cells or electrolysers, which comprises metal fibers and 
which has a reduced electrical resistance over its thickness, an 
improved property of diffusing the reaction gasses over the surface of 




the PEM, against which it is to be used, and an improved contact 
between stack and PEM. 



A stack as subject of the invention comprises at least three layers: 

- At least one gas- and liquid impermeable metal structure ( collector 
layer), such as a metal foil or metal plate; 

- At least one first metal fiber layer (diffusion layer), comprising metal 
fibers; 

- At least one second metal fibers layer (contact layer), comprising 
metal fibers. 

According to the present invention, the impermeable structure is 
sintered to one side of the diffusion layer, and the second metal fiber 
layer is sintered to the other side of the diffusion layer. The term layer is 
to be understood as an essentially flat object having a thickness, which 
is essentially equal over the surface of the object. The properties of 
both metal fiber layers are chosen in such a way that the planar air 
permeability of the stack as subject of the invention is more tha nj)<f 
l/min*cm, whereas the porosity of the contact layer is less than80% or 
even less than 75%. 

A stack as subject of the invention may comprise 

- a gas- and liquid impermeable metal structure ( collector layer), 
such as a metal foil or metal plate; 

- two first metal fiber layers (diffusion layers), comprising metal fibers; 

- two second metal fiber layers (contact layers), comprising metal 
fibers 

It is understood that at both sides of the impermeable metal structure, a 
first metal fiber layer is sintered, and that a second metal fibers layer is 
sintered to each of the sides of the first metal fibers layers, which are 
not connected to the impermeable metal structure. The planar air 
permeability of the stack as subject of the invention at both sides of the 



impermeable metal structure is more than^f1/min*cm, whereas the 
porosity of the contact layers are less than 80% or even less than 75%. 



10 




15 



20 



/ 



With planar air permeability is meant the amount of gas which is 
passed through the metal fibers layers of the stack in a direction 
parallel to the plane of the layers. This planar air permeability is 
£ measured by taking a rectangular part of the stack, having a ftg|if of 
2.5cm. this side is hereafter referred to as short side. The other side of 
the rectangular sample is referred to as long side. This rectangle is 
clamped between two seals of equal dimension, in such a way that the 
sides of the sample and the sides of the seals coincide. Air is sucked 
using an underpressure of 200Pa at the long side of the rectangular 
sample over a length of 5 cm. The non-used length of the long side via 
which is sucked is sealed. The volume of air. sucked js measured, and 
the permeability is expresse<(1 nj/min*c m, for which d)^ is, the unity of 
length of the sample. Preferably, a length of 5 cVp of the long side is 
used. 
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The "porosity" of a layer is expressed as 

Porosity = 100 - Density. 




30 



/ With "density" jrfmeant th^HFatio of the weight per volume of the iayer^jp 
\^ over the weight of the same volume, provided todVo-out of the metal 5^ ^^Z^J^Jp 
alloy out of which the metal fibers are provided. The density is D^\>e^ cva? 
expressed in percentage. '>|L>v^^ ( 

Preferably the impermeable metal structure is a metal foil or metal 
^ plate, most preferabiy provided out of stainless steel, Ni^or 71 In case of 
stainless steel, preferably^Fe^tgi^alloys are used such as alloys of the 
serie AISI-300 and AISI-400, preferably AISI 31 6L or Ni-Kg alloys such 
as Inconel®. 



/ 



The metal fibers used to provide the metal fibers layers are preferably 
stainless steel fibers, Ni-fibers or Ti-fibers. In case of stainless steel 
fibers, preferably Fe-Ni-Cr alloys are used such as alloys of the serie 
AISI-300 and AISI-400, preferably AISI 316L or Ni-Fe alloys such as 
Inconel®. The metal fibers may be obtained by using presently known 
techniques, such as bundle drawing, coil shaving or any other 
production technique. 

Preferably all layers of the stack are provided out of the same metal or 
metal alloy. 

The contact layer and the diffusion layer may be sintered separately, 
before a stack, comprising a collector layer, one or more diffusion 
layers and one or more contact layers, is assembled and the layers are 
sintered to each other. Alternatively, the diffusion layers and the contact 
layers, both comprising metal fibers, and the collector layer may be 
sintered to each other all at once during one sintering operation, either 
batch or continuous sintering. 

The equivalent diameter of the metal fibers used to provide the first 
metal fiber layer or layers, so-called diffusion layer, is larger than 20pm, 
most preferably larger than 50pm. Possibly, more than one sheet of 
metal fibers is used to provide the first metal fibers layer or layers. 

With "equivalent diameter of a metal fiber is meant the diameter of an 
imaginary circle which has the same surface as a cross-section of the 
metal fiber. 

Preferably, the porosity of the diffusion layer is more than 10% larger 
than the porosity of the contact layer. Most preferably, the porosity of 
the diffusion layer is more than 80%, or even more than 82%, such as 
more than 85% or even more than 90%. In order to obtain a preferred 



stack as subject of the invention, the thickness of the diffusion layer is 

more than 0.5mm, most preferably more than 1mm. 

Such diffusion layers provide to the largest extend the planar air 

permeability to the stack, and hence a superior distribution of the 

reaction gas over the whole surface of the adjacent contact layer or 

layers. 

Alternatively, but also according to the present invention, a metal mesh 
or stretch metal foil or plate may be inserted between two sheets of 
metal fibers, comprised in this first metal fibers layer. 

The equivalent diameter of the metal fibers used to provide the second 
metal fibers layer, so-called contact layer, is smaller than 30Mm, most 
preferably smaller than 10ym. Possibly, more than one sheet of metal 
fibers is used to provide the second metal fibers layer. 
The thickness of the contact layer is preferably less than 0.2mm. 
Such contact layers, obtaining reaction gas via the diffusion layer over 
its whole surface, retains the gas sufficiently to propagate the 
electrochemical reaction at its reactive side, being the side of the 
contact layer, which contacts the adjacent PEM. Since the 
perpendicular air permeability of the second metal fiber layer is 
relatively low, a too quick consumption of reaction gas at the gas 
entrance of the stack is prevented, which results also in a presence of 
reactive gas over the whole surface of the connection layer. Possibly, 
the side of the contact layer, which contacts the PEM, is provided with 
an appropriate catalyst Alternatively the catalyst is present on the 
surface of the PEM. Due to the small equivalent diameter of the metal 
fibers used to provide the contact layer, and the density of this layer, a 
very high degree of contact between contact layer and PEM may be 
obtained, whereas the side of the layer contacting the PEM, is relatively 
soft. Metal fibers projecting out of the essentially flat surface of the 
contact layer, will not penetrate through the PEM when used, but will 
bend to the contact layer surface during assembly and use of the fuel 
cell or electrolyser. 
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Preferably, the perpendicular air permeability of the contact layer is less 
than 200 l/min'dm 2 , most preferably even less than 150 l/min*dm 2 . 
With perpendicular air permeability is meant the amount of gas which is 
passed through the metal fibers layer in a direction perpendicular to the 
plane of the layer, measured using an underpressure of 200Pa, and 
measured using methods known in the art, such as a Textest^^ 
FX3300. TTie dfcniar air permeability is expressed in l/mfh$dm* 



10 Further, the obtained stack as subject of the invention preferably has a 

transversal electrical resistance of less than 30 MO" 3 Ohm or even less 
than 15 MO* 3 Ohm, in case a stack of an impermeable metal structure, 
a diffusion layer and a contact layer is provided. With transversal 
resistance is meant the electrical resistance measured between a point 

15 on the surface of the impermeable metal structure and the point of the 

side of the connecting layer to be used against the PEM, which point is 
closest to the point of the impermeable metal structure. This low 
resistance is obtained thanks to the many contact points between 
several fibers being sintered to each other or to the collector layer. 

20 Alternatively, when at each side of the impermeable metal structure a 

diffusion layer and a connection layer is provided, the transversal 
electric resistance is preferably less than 30 *10" 3 Ohm. 

After sintering, possibly, but not necessarily, the metal fiber layers may 
25 be impregnated with a hydrophobic or hydrophilic agent, e.g. 

polytertrafluoethylene such as Teflon® as hydrophobic agent. 

Such stacks may be used in fuel cell, where at least two stacks as 
subject of the invention are used. Between a contact layer of the first 
30 stack and a contact layer of a second stack, a PEM is provided. At both 

sides of the PEM, necessary catalysts are present to propagate the 
electrochemical reaction wanted. To the diffusion layer of the first stack, 
H 2 is provided, which flows through the whole diffusion layer (due to the 



relativelyj^ planar air permeability of the stack). At the PEM, a 
reaction as underneath is propagated: 



H 2 -» 2 H + + 2 e' 



This side of the fuel cell is referred to as anode. 
H+ is conducted through the PEM to the opposite side of the PEM, 
whereas the e" is drained away through the electrically conductive 
connection and diffusion layer to the impermeable metal structure. 

The e- is guided via an electrical circuit to the other impermeable metal 
structure of the second stack. Again via the diffusion and connection 
layer of this second stack, the e" are provided to the electrochemical 
reaction at this side of the PEM, being the cathode side. 



0 2 is provided to the diffusion layer of this second stack, which is 
conducted through the connection layer to the surface of the PEM. 
Here a reaction takes place, using 0 2 , e'and H* (provided through the 
PEM): 



0 2 + 4H + + 4e-»2H 2 0 . \ 

Since the optimal planar air permeability of the stack, and the relatively 
low perpendicular air permeability of the rrfn nrrtrm la yers, the gasses 
are spread in an optimal way over the whole PEM surface. Further, 
since the low electrical transversal resistance of the stacks, the e are 
conducted to the electrical circuit without a significant loss of power. 



A similar benefit is made when the stacks are used in electrolysers. An 

J identical combination of at least two stacks is provided. A determined 
tension is provided between the two impermeable metal structures. At 



the stack with a pMht^e tension on its impermeable metal structure, 
H 2 0 is provided, which reacts at the PEM surface as: 
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2H 2 0 -» 02 + 4 H* + 4 e" 

ttie hf is conducted through the PEM to the other side of the PEM t 
whereas the e" is conducted via the metal fiber layers to the 
impermeable metal structure. 0 2 is easily evacuated since the high 
planar air permeability of the diffusion layer. 

At the other side, a reaction takes place: 



Where H* is provided via the PEM and the e" are provided via the 
impermeable metal structure (being ne$^tfve pole) and the metal fiber 
layers. H 2 is easily evacuated due to the high planar air permeability of 
the diffusion layer. 

Brief description of the drawings. 

The invention will now be described into more detail with reference to 
the accompanying drawings wherein 

- FIGURE 1 shows schematically a stack as subject of the invention; 

- FIGURE 2 shows schematically another stack as subject of the 
invention; 

- FIGURE 3a, FIGURE 3b and FIGURE 3c show schematically a test 
set up to measure the planar air permeability of a stack; 

- FIGURE 4 shows schematically a fuel cell as subject of the 
invention; 

FIGURE 5 shows schematically an electrolyser as subject of the 
invention. 





Description of the preferred embodiments of the invention. 



An embodiment of a porous stack as subject of the invention is shown 
in Figure 1. 
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The stack 10 comprises a gas- and liquid impermeable metal structure, 
so-called collector layer 11. In the embodiment shown in Figure 1, a 
metal plate provided out of stainless steel with alloy AISI 316L is used. 
The collector layer has a thickness of 0,4 mm. 

To one side of this collector layer, a diffusion layer 12, being a sintered 
metal fiber layer consisting out of stainless steel fibers (Alloy AISI 316L) 
with equivalent diameter of 22 pm is provided. This diffusion layer 12 



The fibers are obtained by coil shaving process , which provides to the 
fibers a substantially rectangular cross-section, have a large side of 
approximately 25 pm and a short side of approximately 15 pm 

To the side of the diffusion layer, which does not contact the collector 
layer, a second metal fiber layer 13, being the contact layer, is 
provided. 

This contact layer 13 consists of sintered bundle drawn stainless steel 
fibers (Alloy AISI 136L) having an essentially circular cross-section with 
an equivalent diameter of 8 pm. This contact layer 13 has a thickness 
of approximately 0,2 mm and a porosity of preferably 70%. Al ternatively 
a ^porositv o f jBSSLmay beg ged * 

An alternative stack 20 as subject of the invention is shown in Figure 2. 
This embodiment comprises a collector layer 21, being identical to the 
collector layer of Figure 1 . 



has a thickness of 1,7mm and has a porosity of/85%. 




At both sides of the collector layer 21 , a diffusion layer 22a and 22b is 
provided, each diffusion layer 22a and 22b being identical as the 
diffusion layer of Figure 1 . 
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Similar as in Figure 1, a contact layer 23a and 23b is provided to the 
sides of diffusion layer 22a and 22b. These contact layers 23a and 23b 

are identical a$ the contact layer of Figure 1 . 

Xo 

5 The planar air permeability of stack 10, and of both sides 24a and 24b 

of stack 20, are measured as shown in FIGURE 3a, FIGURE 3b and 
FIGURE 3c. 

As shown in FIGURE 3a, a rectangular sample (301) of a stack, having 
a long side 302 and a short side 303 is clamped between two seals 304 

10 by means of two clamps 305. The sealant material of seal 304 is 

preferably a Pli?roam, having a thickness of approximately 10mm when 

not pressed. The clamps 305 are preferably made out of metal. All 

parts are kept together by closing means 306, e.g. a clip. u ^U? 

This assembly is placed on a sealant 307, which is provided with a hole Njx* 

15 figure 3b and 3c) ^located underneath the long side 302. The 

dimension 308 and 3&§of the assembly is at least 2 cm larger than the 
diameter 31 Oofthe hole. 
^ The heigh^ g^g^ the Jprrg^side 30^ is taken 2.5cm. 
' In a section according to AA' in FIGURE 3b, and in the section 

20 ' ^ according to BB' in FIGURE 3c, it is shown that the assembly is places 
over the opening of a sucking device 312, e.g. a Textest FX3300, 
having a suction opening with a diameter 311, which is at least equal to 
the diameter of the opening in the sealant 307, but which is smaller 
than the dimension 308 < a#W^O9r 

25 Air is sucked in direction 313 using an underpressure of 200Pa through 

the sample 301 of the stack, as indicated with arrow 314. The volume 
of air sucked is measured per minute, and the air permeability is 
expressed as the volume per minute and per length unit of the diameter 
of opening 310. 



30 



The planar air permeability of stack 10 and of both sides 24a and 24b 
of stack 20, as described above and shown in FIGURE 1 and 2, tej^l] 
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liter per minute for a length 310 of 5cm. The planar air permeability thus 
is oyr%l/min*cm. 



It was found that the porosity of contact layer 13, 23a or 23b does not 
make significant changes to this planar air permeability. 

The perpendicular air permeability of the contact layer 13, 23a and 23b 
is measured to be 123 l/min*dm 2 for a contact layer of 70% porosity. 

An electrical resistance may be measured over the stack 10 or over 
both sides of stack 20, being 9.2 * 10" 3 Ohm. 

The stacks 10 or 20 as subject of the invention may be used in an 
electrolyser or in a fuel cell, as shown in Figure 4 and Figure 5. 

Figure 4 shows a fuel cell 40, comprising several stacks 10 and 20 t 
separated from each other using proton exchange membranes 41, 
between the contact layers of the stacks 10 or 20 and the PEM 41, 
appropriate catalysts are provided. 

0 2 or H 2 is provided to the stack in such a way that at both sides of the 
PEM, an electrochemical reaction takes place. The e* are collected 
through the contact and diffusion layers by the collector layers. 

The collector layers are connected to each other via an appropriate 
electrical connection device 42, which provided electrical current to be 
used by an electrical device or to a battery 43. 

In Figure 5, two stacks 10 are separated from each other by means of a 
catalytically coated PEM 51. 
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An electrical tension is provided by a tension source to the collector 
layers of the electrolyser. H 2 0 being provided to the electrolyser, reacts 
electrochemically, providing 0 2 and H 2 . 
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CLAIMS 



1. A stack comprising an impermeable metal structure, at least one 
first metal fiber layer and at least one second metal fiber layer, said 
impermeable metal structure being sintered to one side of said first 
metal fibers layer, said second metal fibers layer being sintered to 
the other side of said first metal fibers layer, characterized in that 
the planar air permeability of said stack being more thanp/f' S 
l/min*cm, the porosity of said second metal fiber layer being less 
than 80%„ 



the porosity of said second met£ 



2. A stack as in claim 1 , said stack comprising two first metal fiber 
layers and two second metal fiber layers, said first metal fiber layers 
being sintered each to one side of the impermeable metal structure, 
said second metal fiber layers being sintered to the other sides of 
said first metal fiber layers. 



3. A stack as in claim 1 or 2, said first metal fiber layers having a 
porosity of more than 80% / - ^Jjk^^-^ ff-T/*, 

4. A stack as in claim 1 to 3, said second metal fiber layers having a 
perpendicular air permeability of less than 150 l/min*dm 2 . 

5. A stack as in claim 1 to 4, said first metal fiber layers 
fibers with equivalent diameter of more than 20|jm / 

6. A stack as in claim 1 to 5, said second metal fibers layers 
comprising fibers with equivalent diameter of less than 30pm ) 

7. A stack as in claim 1 to 6, said first metal fiber layers having a 
thickness of more than 0.5mm 
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8. A stack as in claim 1 to 7, said second metal fiber layers having a 
thickness of less than 0.2mm 

9. A stack as in claim 1 to 8, said stack having a transversal electric 
resistance less than 30*10* Ohm 

10. A stack as in claim 1 to 9, said impermeable metal structure being a 
metal plate. 

1 1 . A stack as in claim 1 to 9, said impermeable metal structure being a 
metal foil. 

12. A stack as in claim 1 to 1 1 , said metal fibers being stainless steel 
fibers. 

13. A stack as in claim 1 to 1 1, said metal fibers being Ni-fibers ^ i " 

14. A stack as in claim 1 to 1 1 , said metal fibers being Ti-fibers 

15. A stack as in claim 1 to 14, said metal fibers having the same alloy 
of said impermeable metal structure. 

16. A fuel cell, comprising stacks as in claim 1 to 15. 

17. An electrolyser, comprising stacks as in claim 1 to 15. 

18. The use of a stack as in claim 1 to 15 in fuel cells or electrolysers. 
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ABSTRACT 

A stack to be used in a fuel cell or an electrolyser, comprises an 
impermeable metal structure, at least one first metal fiber layer and at 
least one second metal fiber layer. The impermeable metal structure is 
sintered to one side of said first metal fibers layer and the second metal 
fibers layer is sintered to the other side of said first metal fibers layer. A 
planar air permeability of said stack of more than^k^l/min*cm is 
provided, whereas the porosity of said second meta^^ber layer being 
less than 80%. 
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